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Abstract
A more efficient technique used to improve voltage levels generated from the thermoelectrics is proposed in this paper. The 
technique used is by applying discontinuous heating rather than continuous heating as does in conventional way. The 
experimental test-rig used to verify the proposed technique for both cases of the device with and without the heatsink. The test 
results shown that the proposed technique could provide more efficient voltage generation by increasing voltage levels 
approximately by 82.1-114.5% for the cases of no heatsink and 32.8-57.9% for the cases of with heatsink.  
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1. Introduction
It is recorded that more than 85% of total energy losses for most energy conversion processes is heat [1]. There 
are only few alternative techniques to recovery this waste heat into useful power [2]-[4]. ThermoElectric (TE) is one 
of those techniques that provides simple way to convert heat directly into electricity. However, TE will produce 
electric voltage only when there is temperature different between its sides (hot side and cold side). Unfortunately, the 
heat applying at the hot side can transfer easily to the cold side and finally produces no voltage [5]-[7]. To solve this 
restriction, several techniques have been proposed in order to slow down or increase the temperature difference 
between the two sides of TE [8]-[9]. The most common technique is to release heat out from the cold side as quick 
as possible, so that the cold side always has low temperature. This could be achieved by using additional 
components such as cooling pads, heatsinks and other cooling systems. However, the maximum temperature 
difference of the two sides of TE is still limited by the material of it. It means that the generation of voltage still has 
limited in level.
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This paper proposed an alternative technique used to increase generated voltage level from TE using 
discontinuous heating. This is by applying discontinuous heating source on the hot side of TE. The experimental 
results show that the generated voltage of TE can be increased approximately by double for the case of no cooling 
system (heatsink) or by half for the case of adding cooling system (heatsink). 
 
2. Methodology  
 
    Fig. 1(a)-(d) present experimental test set-ups used to verify the proposed technique. Fig. 1(a) shows conventional 
technique where heat source is continuously applying heat to TE, while Fig.1(b) shows the proposed technique when 
discontinuous heat applying. Fig.1(c) and Fig.1(d) show the repeat test of Fig.1(a) and Fig.1(b) respectively, but the 
cold side of the TE was mounted by the heatsink that was used to dispose heat with rate of 273 W/m°C (heatsink 
with dimension of 7x9x3.5x0.1 cm for the width x length x height x thickness). Fig. 2 shows elements used for the 
aforementioned experiment test set-ups [10]. The TE model DT12-6 L204082 with side face area of 40x40 mm, 
thickness of 3.6 mm, heat transfer rate of 7.27x10-3 and internal resistance of 1.3 Ohm were used for these tests. 
 
                                  
  (a)                                                        (b) 
                                                    
   (c)                                                         (d) 
Fig. 1 Test Set-ups: (a) continuous heating without heat-sink (b) discontinuous heating without heat-sink, (c) continuous heating with heat-
sink, (d) discontinuous heating with heat-sink  
 
 
Fig. 2 Experimental test-rig [10] 
407 Piyapat Panmuang and Chonlatee Photong /  Procedia Computer Science  86 ( 2016 )  405 – 408 
3. Test Results 
 
     Fig. 3 shows experimental results from the tests described above for the cases of no heatsink used. The 
discontinuous heating was performed periodically applying for every 100, 200, 300, 400, 500, 600, 700, 800, 900 
and 100 seconds; where the test with 0 second presents continuous heating conditions. It can be seen that in most 
cases, the proposed technique generated greater voltage than the continuous heating; where the periodic heating time 
of 300 seconds provided the highest voltage (54.2-206.6 mV) for all heating temperature (40-100 oC) and higher 
voltage compared to the continuous heating (29.7-100.8 mV); which is 82.1-114.5 % improved. Fig. 4 shows 
experimental results from the tests described above for the cases that the heatsink was used. The discontinuous 
heating was performed periodically in similar manner as above. It can be seen that the proposed technique generated 
greater voltage (182.3-476.6 mV) than continuous heating (137.3-288.3 mV) at low temperature conditions (40-60 
oC), which is 32.76-57.9% improved. However, at higher temperature conditions (80-100 oC), the proposed 
technique generated slightly less voltage (641.0-893.3 mV) than the continuous heating (710.3-1070.0 mV). 
  
 
 
Fig.3 Experimental results from the tests without heatsink 
 
  
 
Fig.4 Experimental results from the tests with heatsink 
 
 
     The above explanation would be clearly shown in Fig. 5(a)-(b), where generated output voltage levels for 
particular applied heating temperature were compared between the proposed discontinuous heating technique and 
conventional continuous heating.    
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(a)      (b) 
Fig. 5 Experimental results: comparison between continuous heating and discontinuous heating when  
(a) without heatsink and (b) with heatsink 
 
4. Conclusions 
 
This paper proposed an alternative technique used to increase voltage generated from ThermoElectric (TE) using 
discontinuous heating. This is achieved due to the advantage of discontinuous heating that allows the cold side of 
the TE to dispose heat faster before applying the next heating. The experimental results shown that  the proposed 
technique could increase output voltage level approximately by 82.1-114.5% with no heatsink and 32.8-57.9% with 
heatsink at heating temperature of 40-100 °C and 40-60°C, respectively. 
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